~/ A patient is reported in whom a subdural sarcoid granuloma caused symptoms of an intracranial mass lesion, and disappeared following steroid therapy. Twenty-three previous cases with large intracranial sarcoid granulomas have been documented, and a review of these 24 cases leads the authors to conclude that: 1) neither symptoms nor nonhistological diagnostic studies, including computerized tomography, differentiate sarcoid from cerebral neoplasms or other central nervous system granulomas; and 2) because sarcoid mass lesions frequently respond well to corticosteroid therapy, surgery should probably be reserved for cases in which there is diagnostic uncertainty, a need for emergency decompression, or lack of response to steroids.
N
'EUROLOGICAL abnormalities occur in 5% of patients with sarcoidosis, especially meningitis, cranial neuropathy, and hypothalamic or pituitary dysfunction. 4 An intracranial mass lesion is rarely the first manifestation, z,9,15 Differentiation from other mass lesions may be difficult, and proper treatment is uncertain. 4, 15 We report a patient with large bilateral intracranial sarcoid granulomas which disappeared following steroid therapy.
Case Report
This 39-year-old man was admitted after a month of headaches, vomiting, and episodes of left arm paresthesias lasting less than a minute. Pulmonary sarcoidosis had been diagnosed at the age of 26 years by chest radiography and cervical lymph node biopsy, and he had received prednisone therapy for pulmonary symptoms from the age of 28 to 38 years.
Examination was normal except for mild weakness of the left lower portion of the face, hypesthesia of the left side of the face and left arm, and impaired proprioception in the left hand. Normal tests included complete blood count, urinalysis, serum glucose, sodium, potassium, chloride, bicarbonate, urea nitrogen, calcium, phosphorus, alkaline phosphatase, bilirubin, albumin, glutamic oxaloacetic transaminase, and prothrombin time. Skull radiography and electroencephalography were normal. Electrocardiography showed left ventricular hypertrophy, and a liver-spleen scan showed hepatosplenomegaly. Cerebrospinal fluid (CSF) was normal on two determinations except for elevated protein (102 and 113 mg/dl). Technetium99m-pertechnetate brain scan revealed an area of increased uptake in the right frontoparietal region. Computerized tomography (CT) showed slightly hyperdense peripheral right frontoparietal and left parietal lesions, with marked enhancement by contrast material (Fig. 1) . Carotid angiography showed a right subdural mass. Histological examination of the biopsy of the right subdural mass revealed hyperplastic fibrous tissue containing multiple noncaseating granulomas (Fig. 2) . Stains and cultures for tubercle bacilli and fungi were negative. Following the biopsy, there was increased weakness and hypesthesia in the left arm.
Prednisone, 40 mg/day, was given and tapered to 20 mg/day after 4 weeks. After 6 weeks of steroid therapy, CT showed disappearance of both lesions. Examination 9 months after diagnosis, while the pa- tient was receiving prednisone 20 mg/day, was unchanged.
Discussion
When sarcoidosis involves the central nervous system, multiple small granulomas usually infiltrate the leptomeninges and underlying brain parenchyma, with a predilection for cranial nerves and the hypothalamus. TM Rarely, a large granuloma causes symptoms of an expanding intracranial mass. Including our patient, 24 patients have been reported with clinical and radiographic signs of an intracranial spaceoccupying l e s i o n J "2,4-11,aa-15AT-19,21-24 Diagnosis was established by brain biopsy in five, surgical resection in 12, lymph-node biopsy in four, and autopsy in three. We did not include in our review patients with aqueductal obstruction or optic nerve compression by small granulomas, 2,12,16,25 or granulomas shown by isotope brain scan alone. 2~
Systemic sarcoidosis was diagnosed 1 to 12 years before neurological symptoms in four patients. Neurological abnormalities were the presenting feature of sarcoidosis in 20, and in seven of these 1,2,7,~,1~,22,24 there was no evidence of systemic sarcoidosis on limited evaluation.
Most patients developed symptoms of an intracranial mass when in their third or fourth decade. Headaches, generalized or partial seizures, abnormal mental function (dementia or depressed alertness), and hemiparesis were the most frequent symptoms (Table  1) . Only five patients had papilledema.
Twenty patients had a single granuloma, and four 9A1,2x (including our patient) had two separate lesions (Table 2) . Intracranial granulomas were usually intraparenchymal, but eight were extra-axial, 1,5,1~ including those of our case, which is the second reported example of a sarcoid subdural granuloma. In two patients, posterior fossa lesions infiltrated the cerebellum, brain stem, and fourth ventricle. increased uptake in four of six cases. Cerebral angiography was normal in two patients, but showed an avascular mass in 12 and a vascular blush in one. Eight patients underwent CT scanning, which showed a slightly hyperdense lesion with intense homogeneous enhancement by contrast material in all of the patients and hydrocephalus in two. There was surrounding edema in two cases and marked mass effect in one of these. Despite neurological symptoms, CT was initially normal in two cases. 13,18 Differentiation from cerebral neoplasm or other granuloma could not be accomplished by CT scan alone; multiple small enhancing lesions in the basilar cisterns, previously reported in sarcoidosis, 12 were not present in these cases. Nineteen patients were treated with surgical resection, corticosteroids, or both. We have classified treatment outcome into the following four categories (Table 3): significant improvement (residual neurological deficit minimal or absent); partial improvement (functionaUy limiting or unspecified residual neurological deficit after improvement); no improvement (unchanged or worsened neurological function); and dead. Surgical resection alone was performed in six cases. Four were significantly or partially improved; in one of these, a large sarcoid granuloma in the pineal gland had caused hydrocephalus, and the patient became asymptomatic following placement of a ventriculoatrial shunt before removal of the granuloma. Corticosteroid therapy alone was used in seven cases, with significant or partial improvement in five.
In four cases, both steroids and surgery were used on separate occasions because of recurrent neurological symptoms; we evaluated each course of therapy independently. In three of these, there was no improvement after surgery; steroid treatment 5 weeks, 4 months, and 5 months after surgery was followed by significant improvement in two patients and no improvement in one, respectively. In the other case, significant improvement followed steroid treatment, but symptoms recurred when therapy was discontinued. A combination of surgery and postoperative E. B. Healton, et al. steroid therapy was used in two cases; there was partialimprovement in one. Of the five other patients, two died before treatment, one received only penicillin and had complete resolution of a left frontal mass on pneumoencephalogram, 1 and there was insufficient evidence to assess treatment in two.
In the 21 cases of separate corticosteroid or surgical treatment, therefore, complete or partial improvement occurred in eight of 11 patients receiving steroids and in four of 10 after surgical resection. Following treatment with corticosteroids, resolution of the intracranial mass as shown by CT was complete in four cases (including our patient) and partial in one. 2, 11, 14, 18 In one other steroid-treated case, complete resolution was seen on isotope brain scanning and angiography. 9 Surgical therapy has been recommended for sarcoid intracranial mass lesions. 4,ts, 22 We believe, however, that corticosteroid administration should be the initial therapy. Although controlled studies are lacking, and these lesions may occasionally disappear with neither surgery nor steroids, 1 symptomatic recovery and resolution of the intracranial mass seem to be more frequent with steroid treatment than with surgery. The frequency of miliary leptomeningeal granulomas in association with a sarcoid mass adds a further rationale for giving steroids. Surgery should be used when there is diagnostic uncertainty, a need for emergency decompression, or lack of response to other treatment.
